Introduction {#sec1-1}
============

Melatonin (N-acetyl-5-metho xytryptamine) is synthesized from tryptophan amino acid in the vertebrates\' pineal gland. Due to its aromatic, full electronic structure, melatonin as a strong antioxidant is directly combined with free radicals and metabolized as a final product. After passing through biological membranes, this hormone stimulates the expression of antioxidant genes and inhibits the pro-oxidant enzymes genes. In this way, it increases the antioxidant capability of cells. Therefore, melatonin is an effective antioxidant with direct as well as indirect antioxidant capabilities and seems to play a critical role in protecting the cardiovascular system because there is a general agreement that active oxygen radicals have a major role in cardiovascular pathogenicity\[[@ref1][@ref2]\] Studies have shown that melatonin is an important protective factor against the mortality resulting from cardiovascular diseases due to improving the lipid profile and decreasing morphological as well as histological changes of the heart.\[[@ref3]\] Cardiovascular diseases are one of the major public health problems in many countries and are responsible for more than 50% of the deaths in women over 50 years old. Cardiovascular diseases are associated with various factors the most important of which is older age. Before menopause, the risk of death resulting from coronary artery disease in men is three times more than women. However, the relative risk considerably increases in women after menopause. One of the most common and curable risk factors after menopause is hypoestrogenemia.\[[@ref4]\] Although the risk of myocardial infarction and brain stroke is 1.2 times lower in estrogen replacement therapy, no prospective trials have been conducted on advantages and cardiovascular risks in this method.\[[@ref5]\] For instance, vaginal bleeding which is representative of malignancy in normal conditions may be attributed to hormone therapy and delayed diagnosis of malignancies.\[[@ref4][@ref5][@ref6]\] Various studies conducted on the issue have also come to contradictory results regarding the effect of hormone therapy on prevention and treatment of cardiovascular diseases.\[[@ref7]\]

Nowadays, more attention is being paid to melatonin as an endogenous hormone with polymorphic function, particularly in women because as they get older, the reduction of estrogen is accompanied by the decrease in the melatonin level.\[[@ref8][@ref9][@ref6]\]

The effect of a daily administration of melatonin for 1.5 month on lipid peroxidation and lipid profile in rats in Subramanian\'s study was shown a significant decrease in lipid peroxidation and the levels of cholesterol, phospholipids, triglycerides (TGs), and free fatty acids.\[[@ref10]\] Several studies were shown the hypolipidemic effects of melatonin.\[[@ref11][@ref12][@ref13][@ref14]\] In addition, Wakatuski *et al*. were shown that no significant increase was found in the total cholesterol levels using melatonin.\[[@ref15]\]

Probably, melatonin can be effective in improving lipid levels by affecting various body organs. Thus, the present study aims to investigate the effect of melatonin on lipid levels in menopausal women.

Materials and Methods {#sec1-2}
=====================

The present double-blind, placebo-controlled, clinical trial was conducted from January 2013 to August 2014 on 240 menopausal women between 40 and 60 years old referring to selected Obstetrics and Gynecology clinics of Shiraz University of Medical Sciences. Individuals were invited to participate in the study through eight public calls in the city. Considering the power of 80%, confidence interval (CI) of 0.95, and significance level of 0.05, 100 women were assigned to each study group. According to the loss rate of 20% and in order to find a difference of 14% (effect size: 0.14) in the severity of the climacteric symptoms according to the results of Wakatsuki\'s study,\[[@ref15]\] sampling was continued until 240 women (120 in each group) volunteered for taking part in the study according to the CONSORT method \[[Figure 1](#F1){ref-type="fig"}\]. Before the beginning of the study, women were provided with comprehensive information about menopause, cardiovascular diseases, melatonin, and study objectives so that they could make up their minds for taking part in the study. Then, written informed consents were obtained from the participants and they were told that they could stop their participation any time they were unwilling to continue. The inclusion criteria were good general health based on Goldberg\'s questionnaire (\<23 score), being married, 40--60 years of age, not taking vitamin supplements, not having used hormone therapy during the last 3 months, being completely healthy in physical examinations (not suffering from liver, kidney, and gastrointestinal diseases), cessation of the menstrual cycle for at least 6 months, and follicle-stimulating hormone (FSH) above 40 IU. On the other hand, the exclusion criteria of the study were not being interested in continuing participation in the study and showing allergic reaction to the drug. It should be noted that anytime the inclusion criteria of the study were violated, the case was excluded from the study.

![The flow of participants in the study](JEHP-7-144-g001){#F1}

At the beginning of the study, 5 cc blood samples from the brachial vein after 12 h fasting in morning were obtained from all the participants in order to determine levels of FSH and lipid profiles including low-density lipoprotein (LDL), high-density lipoprotein (HDL), TG, and cholesterol were determined using an enzymatic method, with Pars test kits and the LDL values were calculated using Friedewald formula.\[[@ref16]\] Then, the participants were divided into two groups through sortation. In this study, the participants and the researcher who were responsible for performing the interviews and examinations were unaware of the participants\' allocation to the study groups. Furthermore, the medications were packed and given to participants by the researcher\'s assistant based on certain codes written on completely similar packages. Melatonin tablets were prepared by Nature Made Company, US, similar tablets made of lactose, avicel, and magnesium stearate in the same form and color as the melatonin tablets were used as the placebo. Each package included thirty 3 mg melatonin tablets or the placebo and was given to participants at the beginning of the study and at the end of each month. It was explained how to use the medications (one tablet every evening between 6 and 9 pm for 3 months) and data collection was done before and 3 months after the intervention. Also, the participants had two phone numbers of researcher team for any questions during study. The participants were also required to return the tablets they had forgotten during the last month when receiving the new package. Although previous studies have not considered the number of forgotten tablets as an exclusion criterion, forgetting the tablets for 7 consecutive nights, the researchers were considered as one of the exclusion criteria in the present study. Participants who had not completed taking the supplement during the study were excluded, as well.

Data collection was done before and 3 months after the intervention using the demographic information questionnaire (age, menarche age, menopausal age and date of the last menstrual cycle, length of marriage, systolic and diastolic blood pressure, and body mass index \[BMI\]) and lipid profile test. In each visit, a questionnaire including three sections about complications of the medication,\[[@ref17]\] its advantages, and the degree of satisfaction and tendency to continue the medication use was also completed.

Finally, the data were entered into SPSS statistical software (IBM -- Company, Armonk, NY-USA, version 16) and were analyzed using *t*-test and Chi-square test.

Ethics {#sec2-1}
------

The Medical Research Ethics Committee of Shiraz University of Medical Sciences approved the present study (code: 91-6384). Before the beginning of the intervention and enrollment, comprehensive information about the study objectives, melatonin, benefits and probable side effects, type of the intervention (that the participants might be assigned to either group), length of the intervention, and follow-up was provided to the participants to make up their minds for taking part in the study. Then, written informed consents were obtained from the participants and they were given two phone numbers to call in case they had any questions. They were assured of the confidentiality and anonymity of the study.

Results {#sec1-3}
=======

At the beginning of the study, 680 women were screened according to our inclusion criteria and 240 participants were divided into two groups among whom, 101 participants in the placebo and 98 ones in the melatonin group continued their cooperation with the researcher up to the end of the study \[[Figure 1](#F1){ref-type="fig"}\]. The mean age of the participants was 53.22 ± 4.21 years. No significant difference was found between the two groups regarding demographic and clinical variables, such as age, menarche age, date of the last menstrual cycle, length of marriage, weight, BMI, and lipid levels before the intervention (CI = 95%, *P* \> 0.05) \[[Table 1](#T1){ref-type="table"}\]. Regarding the effect of melatonin on TG level, no significant difference was observed between the melatonin and placebo groups (CI = 95%, *P* = 0.94). Furthermore, no significant difference was observed in the placebo group in this regard before and after the intervention (CI = 95%, *P* \> 0.05). However, a significant difference was found in the melatonin group regarding TG level before and after the intervention (CI = 95%, *P* = 0.034) \[[Table 2](#T2){ref-type="table"}\].

###### 

Descriptive statistics and comparison of demographic and clinical characteristics in the two groups
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###### 

Mean differences of lipid levels in the menopausal women in the two groups before and after the intervention

![](JEHP-7-144-g003)

The results of the present study revealed no significant difference between the two groups regarding cholesterol (CI = 95%, *P* = 0.097), LDL cholesterol (CI = 95%, *P* = 0.152), and HDL cholesterol levels (CI = 95%, *P* = 0.054).

In the intervention group, 10.9 and 1.94 mg/dL increase was observed in TG and HDL levels, respectively. In the control group, on the other hand, these measures were reported to be 11.01 and 0.524 mg/dL, respectively. Moreover, although cholesterol and LDL cholesterol levels decreased in the intervention group, the difference was not statistically significant (CI = 95%, *P* \> 0.05).

Overall, 43 participants in the two groups complained about side effects during the study. Most of the patients complained about sleepiness, nausea, vomiting, headache, and vertigo. Nevertheless, bleeding and spotting were reported by only four participants in the melatonin group after using melatonin. No significant difference was found between the two groups regarding the complications of using the medications (CI = 95%, *P* \> 0.05) \[[Table 3](#T3){ref-type="table"}\].

###### 

Frequency distribution and percentage of the complications reported in the two groups
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Furthermore, 65.31% (64) and 34.69% (34) of the patients in the melatonin and the placebo groups were satisfied with using the medication, respectively; this difference was statistically significant (CI = 95%, *P* \< 0.05). In addition, 51 participants (52.04%) in the melatonin group and 27 ones (26.73%) in the placebo group were willing to continue using the medication after the study and the difference between the two groups was statistically significant (CI = 95%, *P* \< 0.05).

Discussion {#sec1-4}
==========

Decreased estrogen in women causes lipoprotein lipase activity to increase which results in an increase in LDL. Nevertheless, no change can be observed in HDL levels as a protective factor against cardiovascular diseases. LDL is oxidized by the oxygen free radicals in the arteries and is converted to foamy lesions or atherosclerosis. On the other hand, melatonin removes oxygen free radicals and prevents LDL oxidative changes.\[[@ref4]\]

In general, dyslipidemia and change in plasma lipid profiles are among the risk factors of cardiovascular diseases. Recently, more attention is being paid to melatonin for improving lipid profiles. The mediating effects of melatonin on plasma lipids and lipid peroxidation level have been reported in previous studies.\[[@ref10][@ref11][@ref12][@ref13][@ref18]\] Studies have also been conducted on the effects of this hormone on physiological as well as morphological changes resulting from high-calorie and high-fat diets.\[[@ref19]\] Using melatonin accompanied by zinc acetate significantly decreased plasma cholesterol, TG, and LDL levels. Most probably, melatonin improves lipid profiles through decreasing the oxidation of lipids and other necessary functional proteins by harmful radicals.\[[@ref20]\]

According to the results of some studies, several mechanisms that may be suggest for this action of melatonin: interactions with LDL-C receptors, inhibition of cholesterol biosynthesis and LDL-C accumulation, inhabitation of the activity of lipoprotein lipase enzyme and reduces the accumulation of TGs rich in very LDL (VLDL) particles, and decrease in intestinal cholesterol absorption or inhibition of fatty acid transport through metabotropic receptors.\[[@ref21][@ref22][@ref11]\]

Lipoprotein lipase hydrolyzes the VLDL TG and converts it into intermediate density lipoprotein (IDL) and HDL. Due to the activity of hepatic lipase TG, IDL can produce LDL and HDL~2~ is converted into HDL~3~\[[@ref23]\] which protects the cardiovascular system. Yet, melatonin can also be effective through increasing cholesterol metabolism in the body.\[[@ref24]\] In any event, increasing plasma melatonin levels can keep the cardiovascular system healthy. Consistently, Lercher *et al*. revealed the reduction of melatonin levels in patients suffering from cardiovascular diseases.\[[@ref25]\] They introduced melatonin as a hormone which was directly involved in the micro- as well as macro-atherosclerosis processes of the coronary arteries.\[[@ref26][@ref27]\] Furthermore, the results of the study by Wakatuski *et al*. showed that using melatonin led to a significant increase in TG, VLDL cholesterol, and VLDL TG levels, while no significant increase was found in the total cholesterol levels.\[[@ref15]\] Although TG level increased in the present study, this increase was within the normal range and caused no risks for the patients.

Agil *et al*. have also stated the positive effects of melatonin on improving lipid profiles in diabetic fatty rats.\[[@ref27]\] Using melatonin by mild diabetics also improved the lipid profile, reduced TG, and increased HDL cholesterol.\[[@ref28]\] In the same line, one of the most recent studies showed that using melatonin by individuals with metabolic syndrome decreased TG, increased HDL cholesterol, and improved oxidative stress indexes.\[[@ref21]\] Koziro\'g *et al*. was shown in their study that the melatonin is effective in patients with metabolic syndrome systolic blood pressure, diastolic blood pressure, and LDL cholesterol significantly improved after 2 months of melatonin administration.\[[@ref20]\]

In patients suffering from type II diabetes with insulin resistance, increased TG results from the increase in production or the decrease in VLDL cholesterol lipoprotein lipase activity. Using melatonin is quite effective in these patients and research findings have shown that lipoprotein lipase activity is probably restored and hepatic acyl-CoA synthetase is inhibited by melatonin.\[[@ref29]\] Moreover, Sudhakumari *et al*. mentioned that the mediating effect of melatonin on plasma lipids was most probably associated with its antioxidant characteristic. They reported that increased levels of TG and LDL in diabetic patients were related to the oxidation capability of lipoproteins.\[[@ref30]\] In addition, the increase in the oxidation capability of LDLs led to progress of its oxidation, increased the possibility of accumulation of these oxidized particles in macrophages, blood, and vessels\' walls, and caused atherogenic changes.\[[@ref31]\]

In the present study, the two groups were similar regarding weight, BMI, and blood pressure which are among the effective factors in lipid level disorders; therefore, these factors could not have affected our study results.

The findings of the present study revealed 10.9 and 11.01 mg/dL increase in the TG level in the melatonin and placebo groups, respectively, 3 months after the intervention. The study results also showed that melatonin intervention caused a significant difference in cholesterol, LDL cholesterol, and HDL compared to the baseline, which is in agreement with the study by Wakatuski *et al*.\[[@ref15]\] However, that study was conducted on 15 menopausal women, which is quite smaller than the sample size of the current study.

On the other hand, the study conducted by Koziro\'g *et al*. showed that melatonin intervention was not effective in HDL and other index of lipid profile in metabolic syndrome individuals.\[[@ref22]\] Although some studies have shown that melatonin can mediate the lipid levels through its specific mechanisms, such results were not obtained in this study. In fact, limitations such as short study period, change in participants\' diet during the study, and incorrect consumption of tablets in spite of training can affect the results of this study.

Conclusion {#sec1-5}
==========

Although studies have introduced melatonin for reducing the micro- as well as macro-atherosclerosis processes, this function was not confirmed in the present study. Therefore, more studies are recommended in order to confirm the efficiency of this method.
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